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Abbreviations and Acronyms

AAV: adeno-associated virus

AELD: activation energy from life to death

AELH: activation energy from living state to HYL

ASO: antisense oligonucleotide

BCE: before the common era

BMI: body mass index

bp: base pair

CE: common era

DNA: deoxyribonucleic acid

Few, the: the group of people who have obtained a 300-year or longer lifespan

fMRI: functional magnetic resonance imaging

He (him, himself, his): a person (or a few people) who has a 300-year or longer lifespan or who has developed a technology to do so

HYL: healthy youthful long-living state

It (Its, Itself): the DNA master

Lechatelierim: the limit of the recoverability of a system

LeChatelierism: the principle of minimizing changes to keep them within the lechatelierim of a system

RNA: ribonucleic acid

ROS: reactive oxygen species







Introduction

In 1990, the Human Genome Project was launched. After 3.8 billion years of evolution, DNA-based lifeforms finally had the opportunity to read through the book of life that makes them what they are. Humans believed that what they would learn from the core of themselves would bring them the ultimate gift of life: health, youth, and longevity. People in the twentieth century thus proudly and excitedly declared that the twenty-first century would be the century of biology.


Thirty years later, due to the vast advancement in DNA-sequencing technologies, whole-genome sequencing is no longer a project that requires multi-nation collaboration. Various commercial products are readily available to sequence every base in a person’s genomic DNA. Although the sequencing of the first human genome cost over $3 billion in the 1990s, today it costs even less than $300. That is an astonishing 10-million-fold decrease in cost powered by technological advancement, which offers everyone an opportunity to peek into their own 6 billion DNA bases. Besides, scientists have already spied on the genomes of hundreds of species. The knowledge we have learned from different organisms facilitates healthier, younger, and longer lives for the human population. More and more people live past 100 years and we seemingly have conquered the apex of the great mountain of longevity.


However, the growth of human life expectancy gets smaller and slower. The benefits we can get from more sufficient nutrients and healthier lifestyles have decreased, indicating that we are approaching the natural boundary of our bodies. Unfortunately, people are endowed with enough intelligence to realize and understand the biological cap of our lives, which is predetermined by Mother Nature. Therefore, people knowingly experience the progressing of aging and coming of death, slowly and hopelessly. Although new longevity theories and products are frequently developed, extending life expectancy by another 30 years is obviously much more challenging than before. Achieving a 150-year lifespan is still an insurmountable task for human beings, though a 300-year life expectancy is a natural blessing gifted to many species. As the most intelligent species on Earth, can we have a life that is as long as some of our long-living animal brothers and sisters? To live 300 years and beyond is the promised land that the human race has gazed upon from afar for thousands of years. Yet, with all our intelligence, we are still wandering in the desolate wilderness. Will twenty-first-century medicine and biotechnology finally lead people into the state of hope to enjoy milk and honey?


No one has systematically blueprinted a life that can last 300 years or even longer. Indeed, such a long life should only exist in myths and fairy tales. However, we already have been living in “legends” that exceed the imagination of our ancestors. We can fly to Mars, we can reshape mountains, we can voyage in virtual worlds, we can even talk instantly with people on the other side of the world. For a long time, we have been manipulating lives, both our own and other species’. Thus, humans should be able to plan for this extremely challenging task to define our future.


I have been thinking about the longevity problem since I was around six years old. At that time, life expectancy was only about 65 years and the young me dreamed of living for 99 years: an extravagant hope for that period when retirement equaled stepping into a tomb. As I grew up, I learned more about biology, but I was disappointed that humans are not gifted with a very long lifespan. Therefore, I decided to spend my 30,000-plus days on attempts to find a way out. Since then, I have used my whole career to study the mechanisms of life, seeking a potential solution. During my years in medical school, I participated in state-of-the-art research on different branches of life sciences. I also got opportunities to discuss with Nobel laureates and other brilliant scholars about the future of human beings. I have been fascinated by what scientists and physicians have learned about ourselves and excited at what people have accomplished to make life better. Therefore, I believe we can be the lucky generation that will witness the miracle of living beyond the natural human lifespan. This simple belief ignited the sparks of my thoughts and I started to draft a plan to achieve this grand goal. Fortunately, my knowledge and experience are related to various aspects of this topic, which greatly facilitated the thinking process. After years of reading, deliberating, and debating with others, a framework for hyper-longevity was established. This is the origin of this book.


This book is a collection of thoughts and discussions on how to break through the boundary of the natural human lifespan. It is not intended to be a scientific review or a technical manual. It is more like a voyage, through which we recognize the path together. In this book, we start the journey by dissecting what we mean to achieve in a much healthier, younger, and longer life. After identifying the problem, we attempt to establish a theoretical and technical foundation for it. Then, we search for potential solutions to draft our plan and list detailed assignments. The tasks won’t be easy so we also discuss potential pitfalls, limitations, and things that can compensate for inadequacy. Moreover, we review other aspects of a 300-year life since life is more than survival. Besides, we cover additional topics about things we may face during a multi-century adventure.


This book is divided into four parts.



I. Zhi (Knowledge). This part attempts to answer some basic questions: What is life about? What do we need to achieve to live 300 or more years? What are the possible strategies? Which is the proper path? What is required for such a route? This part then summarizes a roadmap for reaching our goal with various tasks that need to be accomplished.


II. Xing (Actions). This part provides in-depth explanations and discussions of the tasks required for living beyond the natural boundary. It also reviews current technology developments and covers potential difficulties in accomplishing these tasks.


III. He (Unity). To live 300 years is more than keeping the body alive for such a long time. This part discusses other important things in a hyper-longevous life: family, society, the world, and more.


IV. Yi (Oneness). When we can live 300 years or more, we exceed the natural definition of human beings. There will be new problems and challenges. This part covers these topics.




With these four parts, this book blueprints both the general framework and the detailed niceties about living toward a 300-year or longer life. With years of thinking and planning, I have attempted to cover as many aspects of this topic as possible and make statements based on scientific facts. However, for such a broad subject, there could always be omissions and mistakes. The limitations of current human knowledge and technology are also noticeable. Hence, any part of this book should not be considered as guidance, advice, or suggestion, especially medically. Although the path could be tortuous, the future is bright. It is time to dream about the many years yet to come as the horizon is getting clearer.


This book was written during the COVID-19 pandemic. Billions of people are endangered by the harsh virus and millions have lost their lives. Still, heroes around the world dedicate themselves to fighting back and saving lives. Bravely overcoming difficulties and chasing dreams is the marvelous glory of humanity, which will continue to shine and lead our species even when we can enjoy 300 or more years of life.


May we fearlessly go and reach where no one has been before.








Legal Disclaimer

This book is presented solely for providing information on the subjects discussed. The author and publisher are not offering it as medical, psychological, legal, accounting, or other professional services advice. While best efforts have been used in preparing this book, the author and publisher make no representations or warranties of any kind and assume no liabilities of any kind with respect to the accuracy or completeness of the contents and specifically disclaim any implied warranties of merchantability, health, or fitness of use for a particular purpose. References are provided for informational purposes only and do not constitute endorsements of any websites or other sources. This book is not meant to be used, nor should it be used, to diagnose or treat any medical condition. For diagnosis or treatment of any medical problem, consult your own physician. The publisher and author are not responsible for any specific health, fitness, psychological, financial, or commercial needs that may require medical or professional supervision and are not liable for any damages or negative consequences from any treatment, action, application or preparation, to any person or entity reading or following the information in this book. Neither the author nor the publisher shall be held liable or responsible to any person or entity with respect to any physical, psychological, emotional, financial, or commercial damages or loss, including, but not limited to, special, incidental, consequential, or other damages caused, or alleged to have been caused, directly or indirectly, by the information contained herein. Every person is different and the advice and strategies contained herein may not be suitable for your situation. You should seek the services of a competent professional before using any information provided in this book. You are responsible for your own choices, actions, and results.








I. Zhi (Knowledge)

We will first cover a few concepts about how to rejuvenate and live a hyper-longevous life. We will then look for a path together and examine what is required.







This Human Life


If you ask me what I came to do in this world, I, an artist, will answer you: I am here to live out loud.

—Émile Zola



We all know what life is: if you are reading this line, you have it. However, if we would like to live beyond the natural boundary of the human lifespan, we need to take a closer look at what life is and gain more understanding about it. Since our discussions are not limited to sciences, the use of technical terms is not confined by their exact scientific definitions.


To live, or not to live—that is not the question

As human beings, each of us is evolved from a single cell that is created, nourished, and protected by our mother. This unique cell becomes an infant, a toddler, an adolescent, then reaches maturity, and ages gradually until time brings us to the ultimate destination. This process has repeated billions of times, creating similar yet different stories. All the love and hate, happiness and sadness, joy and pain, success and failure, fitness and sickness, families and enemies, friends and foes… are condensed into the short period when we are wearing flesh. The experiences and memories generated through living drive us forward and make us who we are. Therefore, no matter how much we care about the afterlife, most, if not all, of us love this life and wish to extend it as long as possible.

We didn’t choose when and where to be born, but here we are, alive and living. Sadly, sufferings from diseases, aging, and death are unavoidable during our time on Earth. Life is good when we can enjoy it with the body, which is almost continuously bothered by unfortunate illnesses and sicknesses. Like an inevitable curse, these annoying troubles break us up, bit by bit, until the body is unable to recall and restore its past health and youth. Eventually, the body has to lie down for one last time.

To healthily and youthfully live as long as possible is the ultimate human goal. It is an advanced appetency of the primitive animal instinct. A healthy, youthful, and long life is extensively worshiped in Mesopotamian poems, Taoist scriptures, Hindu philosophy texts, love stories, and pop music lyrics. Thus, from ancient days to the modern age, from East to West, people have been eagerly seeking a path to it. As a result, numerous wonderful religions, healthy lifestyles, biological research projects, dietary supplements, nutrition blogs, and cardio gyms are born. We all want to live happier, younger, healthier, and longer. However, in practice, the pursuit of a long and healthy life is always overshadowed by repeated daily duties, tasks, and works.

Not surprisingly, those who are not enslaved by common human burdens, like great ancient emperors, choose to make tremendous efforts to seek paths to immortality. Yet, they have all failed. Chinese emperors are good examples. The very first Chinese emperor, Qin Shi Huang (259–210 bce), was obsessed with the elixir of life and spent countless amounts of money and resources on Fang Shu (alchemy and witchcraft). He sent thousands of people across the vast oceans to seek gods on fabled islands, hoping to get the elixir of immortality. He also tried suspicious medications prescribed by court alchemists to recover his youth. With all these efforts, he passed away at 50. Likewise, many Chinese emperors were fearless drug testers. They usually died miserably due to intoxication.

Although we live in a modern age, we are not much better than these ancient figures in seeking healthy longevity. While we can escape Earth’s gravity and send people into the universe, we are still trapped in the human body and waiting for our end times to come. Thus, it is not surprising that supermarkets are loaded with numerous dietary supplements and the internet is filled with countless articles about healthy lifestyles. It is our sincere hope that the body can be made healthier and better by consuming dietary supplements with hard-to-pronounce chemical names or reading lifestyle articles by niche exotic health gurus. However, the manufacturers of dietary supplements always print “Statements have not been evaluated by the Food and Drug Administration [or a similar regulatory body]” in tiny font sizes on their back labels, while exotic health gurus probably give up their lifestyles eventually. Still, there is no simple path to healthy youthful longevity and we have to bear the fear of age and death.

We want to live longer, but how?




The Master

Why do we have to pitifully grow older and older after a beautiful youth that is strong and magnificent? The answer to this question is very straightforward: we don’t rule the body. Although we are the most amazing and powerful species on Earth, we still are the humble servants of our DNA. Yes, we are the humble servants of DNA, just like other animals, plants, fungi, bacteria, or any other things governed by DNA on this planet. All living things are operated and regulated by their DNA. We are no different.

DNA, or deoxyribonucleic acid, is a group of chain-like macromolecules composed of basic nucleotide residues. These residues record the genetic information in simple four-letter codes of repeating nucleotides (adenine, A; cytosine, C; guanine, G; and thymine, T), forming the genome of an organism. The genome is used as the blueprint to “build” the organism using organic matters such as proteins. For example, we are made based on the information encoded in our human genome. According to evolution, genetic information has been coded the same way since the very first cell on Earth, which appeared about 3.8 billion years ago. The presence of DNA probably initiated even earlier, when the boundary between biology and chemistry was still vague in the prebiotic soup on the young planet Earth. Since then, DNA sequences have evolved and diversified, while creating, raising, modifying, and destroying innumerable species. Currently, all living organisms on Earth weigh over 560 billion tonnes in total, and they are controlled by 50 billion tonnes of all kinds of DNA molecules.

I would like to personify the assembly of all the natural biological DNA on Earth as “the DNA master.” The personification of a big company of macromolecules may seem unreasonable and against scientific principles. Certainly, DNA molecules are just organic polymers, like rubbers and plastics. Even the assembly of them does not have any purpose or intelligence. However, DNA molecules have achieved the greatest miracle in the universe that is beyond any purpose or intelligence. With the magic of random mutations and the coincidence of natural selection, the assembly of DNA has led biology through the evolutionary tree and produced countless organisms. From the highest mountain to the deepest ocean, from burning deserts to frozen glaciers, we can find the designs and footprints of different DNA molecules. Thus, if survival is the purpose of life, this purpose is no doubt rooted in DNA. Moreover, DNA molecules have embedded intelligence so that individual organisms can strive through difficulties and adapt to distinct environments to survive and live on Earth. Therefore, life is like a magnificent symphony that is composed of brilliant combinations of simple genetic notes. The composer of this great symphony is the DNA master and we all are a part of Its play. Although we are actively participating in Its symphony, we don’t know the exact purpose of the DNA master since It does not seem to have one. However, to exist, to survive, and to live appear to be Its goal, as the DNA master has whispered inside all living beings.

The DNA master is a duality of chemistry and information, which makes It different from the emotional personification of Life that is frequently used. On the one hand, the DNA master is a physical entity or a combination of entities. It has a materialized appearance that can interact with other biological molecules and the rest of the physical world. Therefore, It can be directly seen, touched, and studied. Its classic double-helical structure is well known and DNA extraction remains a popular science experiment for kids at school. Scientists know a lot about the physical and chemical properties of DNA and similar molecules. They also have handy tools to design, create, mutate, destroy, and utilize DNA or other nucleic acids. On the other hand, the DNA master is the information recorded in DNA sequences. It is like the encyclopedia of life that we can read, study, and investigate. Scientists have developed tools to extract sequence information from DNA. Whole-genome sequences of various species, including humankind, are available and freely accessible on the internet. Researchers also use specific DNA sequences for diagnostic and therapeutic purposes. Since the DNA master can be directly studied and utilized, It is evidently more substantial than most personifications.

We all are the incarnations of the DNA master. It resides in every living being on Earth and lives with it. Thus, the embodiments of the DNA master are spread around the globe, inside every cell and many viral capsids. This decentralized approach is Its secret strategy for surviving harsh environments and extending Its existence. For example, for over a billion years, the surface of Earth was bombarded by deadly radiation from the sun and almost no oxygen could be found. However, life still survived. Moreover, countless severe disasters have occurred on this little planet in the past 3.8 billion years, caused many extinctions, and crashed numerous species. In the top five major extinction events, over 70% of all species of that time were killed. The deadliest extinction happened at the end of the Permian period, before the rise of dinosaurs. During that time, about 96% of all species were exterminated. Fortunately, the seed of life has survived all the deadly crises. Furthermore, outliving these annihilations, the DNA master has become more “knowledgeable.” It builds species that are stronger, faster, and smarter by evolving and mixing DNA sequences.

Although DNA sequences diverge dramatically across the evolutionary tree, the same genetic code has been amazingly conserved among most species. Therefore, DNA from other entities and exogenous sources can be easily recognized and utilized. This happens frequently in nature to create biodiversity and has been developed into numerous bioengineering applications. Since cells from different organisms recognize and obey the same DNA “language,” all lifeforms are unified under the DNA master.

Therefore, the DNA master will continue to exist and rule as long as lives on Earth last.




Our lives are not our lives

The DNA master gives us lives and coordinates biological molecules in our bodies. This is achieved through Its many embodiments in us, which are the DNA molecules inside each cell. These DNA molecules originate, live, grow, age, and die with us. However, this intimate companionship does not mean the DNA master loves us or cares about our lives. Like other molecules, It does not have any feelings.

Even if the DNA master has feelings, It still doesn’t need to care about us or our lives. Why would It? We are just one of Its many servants. The DNA master passes Its existence through us to extend Its continuation and only for a short period. Meanwhile, It uses us to increase Its diversity by producing a new generation of Its servants. Functionally speaking, we are not different from the other millions of species It has created. Moreover, although nearly 8 billion people are now living on Earth, we are much fewer in both number and mass than many microbial species. Therefore, we are probably not that important from Its perspective and likely are dispensable in major extinction events. The DNA master perhaps cares about getting more servants to diversify DNA sequences. Unfortunately, human beings are quite inefficient in creating descendants with great genetic diversity. Especially when we get older and become sterile, we are of even less use to the DNA master. Thus, we are soon driven to death by Its embodiments in us.

The DNA master maybe only cares about Its existence. Our lives are merely some lucky byproducts of Its business. If the DNA master could think, It would probably think that we should be thankful to It. Indeed, what It gives us is the most valuable gift we can ever receive: the chance to live as a human. Nevertheless, before long, new generations will arise and replace us to be Its servants. Hence, the DNA master would probably also think that it is reasonable to recycle used organisms in the circle of life so that nothing is wasted in the biosphere. Consequently, aged people are forced onto the path of senility toward inescapable death.

Therefore, our lives are not our lives. Our lives are merely privileged yet transient ripples in the flow called the existence of the DNA master. Unfortunately, our humble hope of youth and longevity is probably against the purpose and will of It.




The tricky path to survival

The DNA master is cruel and ruthless. Yet, It has been forced to be like this and has no choice.

Harsh extinctions in history killed innumerable species. The DNA master barely survived these disasters, but It did so by means of decentralization and proliferation. Its existence is thus tragically maintained through the demise of countless individual organisms and the disappearance of species. When one organism dies, the DNA molecules inside its body die as well. Hopefully, the DNA molecules in its descendants’ bodies will continue the journey. When one species is destroyed by extinction, its DNA pool vanishes while, maybe, DNA pools of other species proceed. DNA-based lifeforms are like a group of fire ants crossing a river in the Amazon jungle. The ants grab onto one another to form a fragile ball that can roll fearlessly through the rushing water. Many ants are lost during the rough trip, but a few are able to reach the shore to restore the colony.

The DNA double-helix is very stable by itself. An incredibly long time is needed to naturally break down the DNA phosphodiester bonds, which are the linkages between nucleotide residues. In ideal conditions, their half-life can reach 30,000,000 years, which is much longer than the entire history of humankind. If DNA is so enduring, why does the DNA master continue Its existence like fire ants crossing a rough river?

Because the universe is an extremely harsh place, even for things as tough as the DNA master. The sweet embrace of Earth protects us from the cruel nature of the universe. The severe cold in space can easily quench any spark of life; the blazing heat of stars can effortlessly burn biomolecules into ashes; hazardous cosmetic rays can bombard DNA into pieces; numerous chemicals can poison and ruin the nucleotide residues. It is a big deathtrap.

The universe, with fixed mass and energy, is an isolated system. Thus, its destiny has already been determined by the second law of thermodynamics: a continuous increase of disorder and chaos until entropy is maximized. This is called the heat death of the universe and does not sound like a happy ending. Luckily, we don’t need to worry about this problem for the next novemvigintillion (10 to the power of 90) years.

Throughout the history of the universe, randomness creates a series of transient oases, in which atoms can escape the harsh environment and have moments of harmony and serenity. One of the deciduous oases has occurred on Earth and brought liquid water to this little rock as the blessing of frozen space. Therefore, this blue planet became an escape from the brutal universe. In less than a billion years, Earth got another miracle: some basic chemicals mixed to form stable macromolecules and ignited the spark of biology. The secret of life was then recorded and distributed by the DNA master. It fused with Earth to become Mother Nature. The DNA master spent several hundred million years filling Earth’s atmosphere with oxygen, and another several hundred million years covering Earth’s surface with plants. Thus, this beautiful planet has become our still-unique motherland. The symphony of life directed by the DNA master will continue to play on Earth as long as the universe still has mercy on this little planet.

If the universe has feelings, it does not need to care more about our Earth than any other planets in the endless sea of stars. Our planet resides in a mediocre solar system of an ordinary galaxy. Earth, the sun, and the Milky Way galaxy are not prominent compared with their peers. Even the disappearance of the Milky Way galaxy won’t cause a ripple in a universe that contains over 125 billion galaxies. Hence, the universe probably doesn’t care about the symphony of life that has been played on a trivial planet of a trivial solar system of this trivial galaxy. We can imagine that the universe does not have even a tiny slice of feeling about the life or death of an individual human on Earth.

With countless sacrifices and continuous evolvements, DNA-based lifeforms have fortunately already survived the brutal universe for almost 4 billion years. It is not an exaggeration to say that it is an amazing and still-continuing miracle. If the universe could think, it would probably think that the DNA master and all DNA-based lifeforms should be thankful. After all, all the beautiful lives on Earth could end in a blink of an eye, by a sudden eruption of the sun or an off-trail asteroid. Still, the universe gives DNA-based lifeforms the chance to create the blossom of life. The cruel dictatorship of the DNA master is thus somewhat understandable: It also has been fighting hard to sustain Its existence.

Freezing darkness is the ordinary state of the brutal universe. Even the gigantic stars have to end in glitters of supernovas or the silence of black holes. How dare the lesser lives on a tiny planet ask for more? Facing the universe, the DNA master’s humble “hope” for survival is no different from our humble hope for youth and longevity.










Know Yourself and the Enemy


In the midst of chaos, there is also opportunity.

—Sun Zi (Sun Tzu)



Should we feel desperate about the cruel nature of the universe, or the fact that we are dispensable in the eyes of the DNA master? We should not. In contrast, we should be glad about it. The problem we would like to solve is so trivial compared with the difficulties of the universe or the DNA master. The universe would probably like to reverse its chaotic trend, which is against the basic laws of physics. The DNA master would probably like to withstand the harsh environment in space, which is against the laws of chemistry. We just want to extend our lives, fortunately for a few hundred years. This is not restricted by any fundamental scientific laws and should be quite feasible. Even if we succeed, chances are we won’t draw any attention from the universe or the DNA master.

To live 300 years, which is a lot beyond the natural human lifespan, we need to adjust the body to a state that is capable of living that long. This is likely to be achieved by some sort of rejuvenation since a young body is generally healthier and has greater recoverability and renewability. The resulting Healthy Youthful Long-living state (HYL) will be the key to accomplishing our goal.

The universe has revealed the basic laws of the world and the DNA master has demonstrated the biological magic of chemistry. Knowledge will pilot our journey through the next hundred years and beyond.


The second law and LeChatelierism

The second law of thermodynamics talks about the tendency of energy. It describes the directions of spontaneous processes and predicts that the universe will end in heat death. We ourselves and the cells in our bodies are in environments with approximately constant temperature and pressure. In these conditions, the spontaneity of reactions can be determined by changes in Gibbs free energy. A reaction with negative free energy change is spontaneous and a positive free energy change indicates the reaction is endergonic, which means it requires appropriate energy input to occur. By calculating free energy changes, scientists can predict whether a reaction will spontaneously happen or not.

In chemistry, most reactions are reversible. This means a reverse reaction exists for a given reaction, similar to Yin and Yang in Taiji. The reaction system reaches equilibrium when the rates of the forward and reverse reactions are equal, which can be predicted using free energy. The fact that most chemical reactions and many physical processes are reversible seems encouraging for rejuvenation. However, even for a reversible system, the probability, speed, and energy cost of the process can make it difficult to achieve.

In many cases, a process is theoretically possible, but statistically so rare that it has never occurred since the birth of the universe. For example, there theoretically exists a state in which all the constantly vibrating and moving atoms of an object are moving upward, opposite to the direction of gravity. If a falling apple were to enter this state, it would appear as if the apple was halting in the air. If this magic and transient moment had been observed by Sir Isaac Newton, he would probably have failed to discover gravity. Luckily, Newton didn’t see it, nor did anyone else in history. Given its probability, people in the future are also unlikely to observe such an occasion. Processes with extremely low probability hardly ever occur in reality.
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